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\searrow














$g=(V, E)$ . , $E=\emptyset$ . $\Sigma$ , A
, $\varphi$ : $Varrow-\Sigma$ , $\psi$ : $Earrow\Lambda$
. , 4 $g=(V, E, \varphi,\psi)$ $(\Sigma, \Lambda)$ . $A$
, $|A|$ . $X$ , , $x,y,$ $\cdot,$ . .
$\Sigma\cap X=\emptyset,\Lambda \mathrm{n}X=\emptyset$ , $x\in X$ , .
”
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1 $[8, 7]$ , $\langle\Sigma, \Lambda, X\rangle$ 7 $g=(V, E, \varphi, \psi, H, \lambda, P)$ ( 1
). .
1. (V, $E,$ $\varphi,$ $\psi$ ) $(\Sigma, \mathrm{A})$ .
2. $H$ $V$. $2^{V}$ .
.
3. $\lambda$ : $Harrow X$ . ,
$e\in H$ $|e|$
. $e$ .
4. $P=\{p(e)\}_{\mathrm{e}\in}H$ . , $p(e)$ $p(e):earrow$




2. $[8, 7]$ $(\Sigma, \Lambda, X)$ , $x\in X$ , $x$
1 . , .
, $(\Sigma, \Lambda, X)$ . $f,g,$ $\ldots$ . , $H=\emptyset$
. , – . ,
.
$f=(V_{f},$ $E_{f},$ $\varphi_{f},\psi_{f},$ $Hf,$ $\lambda_{f},$ $P_{f^{)}}.$ $g=(V_{g}, E_{\mathit{9}}, \varphi g’\psi_{g}, H_{g}, \lambda_{g’ g}P)$ .
, $f$ $g$ , $f\simeq g$ . .
(1) $(\Sigma, \Lambda)$ $(V_{f}, Ef, \varphi_{f},\psi f)$ $(V_{g}, E_{g}, \varphi_{g},\psi_{\mathit{9}})\}\dot{\mathrm{h}}$ , .
(2) $\dot{\phi}$ : $V_{f}arrow V_{g}$ (1) . , $\varpi$ : $H_{f}.arrow H_{g}$ ,
$e\in H_{f}$ , $\varpi(e)=\phi^{*}(e)$ , $p_{f}(e)=p_{g}(\varpi(e))$ , $\lambda_{f}(e)=\lambda_{g}(\varpi(e))$ .
$\phi^{*}(\{v_{1}, \cdots,v_{m}\})=\{\phi(v_{1}), \cdots, \phi.(v_{m})\}$ . . .$\cdot$
$f=(V_{f},$ $E_{f},$ $\varphi_{f},\psi_{f},$ $Hf,$ $\lambda_{f},$ $P_{f^{)}},$ $g=(V_{g}, E_{g}, \varphi_{g},\psi_{g}, H_{g}, \lambda P)g’ g$ . , $\sigma=$
$(v_{1},v_{2}, \cdots, v_{r})$ $g$ $r$ . 2 $[g, \sigma]$ $g$ $\mathrm{r}-$ .
, $e$ $e=\{u_{1}.’ u_{2}, \cdots, u_{r}\}\in H_{f}$ , $p_{f}(e)$ $u_{1},u_{2},$ $\cdots,$ $u_{r}$
. , $f$ $earrow[g, \sigma]$ , $f$ $g$
, :
1. $e\in H_{f}$ , $p_{f}(e)$ $u_{1},$ $u_{2},$ $\cdots,$ $u_{r}$ ,
$\sigma=(v_{1}, v_{2}, \cdots,v_{r})$ , $u_{i}$ $v_{i}(1\leq i\leq r)$ .
2. 1 , $u_{i}(1\leq i\leq r)$ .
$f$ $earrow[g, \sigma]$ $f(earrow[g, \sigma])$ . $\prime \mathrm{r}=$
$\{e_{1}arrow[g_{1}, \sigma_{1}], \ldots, e_{m}arrow[g_{m}, \sigma_{m}]\}$ $f$ . , $l\mathrm{r}$
$f(l)$ . $f(l)$
. $x$ $e$ , $earrow[g, \sigma]$
$x:=[g, \sigma]$ , $x$ .
3 $[8, 7]$ $\theta$ , $\{x_{1}:=[g_{1}, \sigma 1], \cdots, Xn:=[g_{n}, \sigma_{n}]\}$ ( 2 ). ,
$x:(1\leq i\leq n)$ , .
$f=(V_{f}, E_{f,\varphi_{f}},\psi f, H_{f}, \lambda f, P_{f})$ , $g=(V_{g},E_{g}, \varphi_{g},\psi g’ g’ g’ PH\lambda)g$ , $\theta=\{x_{1}:=$
$1^{g_{1},\sigma_{1}}],$ $\cdots,xn:=[g_{n}, \sigma_{n}]\}$ . $x$ : , $H_{\lambda},(x_{i})=\{e\in H_{f}|\lambda_{f}(e)=X\dot{*}\},$ $\prime \mathrm{r}_{*}=$
$\{earrow[g*’\sigma:]|e\in H_{\lambda;}(x_{i})\}$ , $\prime \mathrm{r}_{\theta}=\bigcup_{1=1:}^{n\prime \mathrm{r}}$. . .
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, $f\theta$ $\theta$ $f$ .
, $f(’\mathrm{r}_{\theta}\rangle$ . $f\theta$ 2
. , , $\theta=$
.
$\{x:=[g_{1}, (v_{1},v\epsilon)],$ $y:=$
$[g_{2}, (u_{1}, u_{2}, u_{3})]\vee\}$ . $e_{\dot{*}},$ $e_{j}\in H_{f}(i\neq j)$
, $e_{i}\Subset e_{j}$ , $f$.
. $\theta,$ $\theta’$ , $f\simeq g\theta$ $g\theta’\simeq f$
$f$ $g$ . $f\simeq g\theta$
$\theta$
$g$ $f$ – ,
$f$ $g$




, $g\in$ , $f,$ $g\in$
, $f$ $g$ . ,
$\mathcal{G}T\mathcal{G}$ .
2: $f\theta$
4. $g$ . $g$ , $g$ , $L(g)$
. , $L(g)=\{w\in\Psi \mathcal{G}|w\preceq g\}$ . , $g$ , $L(g)$
. $\mathcal{L}(\mathcal{T}\mathcal{G})$ , $L(7\sigma \mathcal{G})$
.
2.2.
[3] , – . $U$
, . $U$ , $U$ $L$ .
, $U$ $\Psi \mathcal{G}$ , . $w$ $|w|$ .
5. , 3 $C=(C, R, r(\cdot))$ .
.
1. $C$ .
2. $R$ , $R$ .
3. $\tau$ : $Rarrow C$ .
4. $f$ : $U\cross Rarrow\{0,1\}$ .
$f(w,g)=\{$
1, $w\in r(g)$ ,
$0$ , .
, $r(\cdot)$ , 2 $C=(C, R)$ .
6. $C=(C, R, r(\cdot))$ . $L$ , $L=\{w_{1}, w_{2}, \cdots\}$
$U$
$w_{1},$ $w_{2},$ $\cdots$ .
$C=(C, R,r(\cdot))$ . $C$ $M$ , ,
$R$ . . $M$
, $w_{1},w_{2},$ $\cdots$ , $M$ $i(i=1,2, \cdots)$
$h_{:}$ . , $M$ , $i$ , $M$ $w$ :
, $w_{i+1}$ $h_{i}$ . $M$ , $i$
68
, $r(h_{i})\supseteq\{w_{1}, \cdots,w_{i}\}$ . $M$ , $h_{i-l}$ $\neq h_{i}$ ,
$w_{\dot{*}}\not\in r(h_{i-1})$ . $M$ $C$ $L$
, $L$ $M$ , $M\text{ _{ } }\beta\dot{\mathrm{R}}\dot{F}|\mathrm{I}\text{ }$ $L=r(h)$ $.h$
. $M$ $C$ , $L\in C$ ,
:
$L$ . $C$
, $C$ $M$ . $C=(C, R, r(\cdot))$
. $C$ , $C$
.
$M$ , $i$ , $M$ $h_{i}$
$|w_{1}|+|w_{2}|+\cdots+|w_{i}|$ .
7. $C=(C, R)$ , $w\in U$ $|\{L\in C|w\in L\}|$
.
Angluin [1] , .
1. [1] $C=(C, R)$ , $C$ .
1. $c_{\tau_{\mathcal{G}}=}(L(\mathcal{T}\mathcal{G})$ , T . , $C_{\mathcal{T}\mathcal{G}}$ .
1 1 , .
2. C .
, ,
. , $C$ Angluin [1] ,C
.
8. $C$
: $S\subseteq U$ .
$S\subseteq r(g)$ $h\in R$ , $r(h)\subseteq r(g)$ $S$
.
$\not\subset.r(h)$ $g\in R$ .
$C=(C, R)$ MINL . , Angluin
HNFER ( 3 ) , $C$
.
2. [1] $C=(C, R)$ , $C$
, INFER $C$ .
[6] , Angluin [1] INFER
$C$ .
9. $C$
: $w\in U$ , $g\in R$.
: $w$ $r(g)$ ?




input: $w_{1},w_{2},$ $\cdots\in U$ .
output: $h_{1},$ $h_{2},$ $\cdots\in R$ .
begin
$S:=\phi;$ $\cdot$ : $/*$ $*/$
$h:=$ “$none$”; $/*$ $*/\cdot$ .
for $i:=1$ to $\infty$ do
begin
$S:=S\cup\{w:\}$ ; $/*$ $*/$
if $S\not\subset r(h)$ then $/*$ $*/$






, $C_{\mathcal{T}\mathcal{G}}=(\mathcal{L}(\mathcal{T}\mathcal{G}), \tau \mathcal{G})$ . 2 ,
C , C
, C 2 .
10. C
: $w\in\Psi \mathcal{G}$ , $g\in T\mathcal{G}$ .
: $w$ $L_{g}$ ? , $w=g\theta$ $\theta$ ?
11. $C_{\mathcal{T}\mathcal{G}}$
. : $S$ .
: $S\subseteq L(g)$ $r\in \mathcal{T}\mathcal{G}$ , $L(h)\subseteq L(g)$ $S\mathrm{Z}L(h)$
$g\in$ .
. $\mathrm{N}\mathrm{P}$ , C $\mathrm{N}\mathrm{P}$ .
, $\mathrm{P}\neq \mathrm{N}\mathrm{P}$ Angluin [1] [6] ,
. , $L(\mathcal{T}\mathcal{G})$ ,
.
12. . $\Phi \mathcal{T}$ .
13. $g$ , $x_{1},$ $x_{2,n}\ldots,$$x$ $g$ . $g_{1},$ $g_{2},$ $\cdots,$ $g_{n}$
, $\theta=\{x_{1}:=[g_{1}, \sigma_{1}], X_{2}:=[g_{2}, \sigma_{2}], \cdots, x_{n}:=[g_{n}, \sigma_{n}.]\}$
$g\theta$ , $g$ . ,
, .
70
14. $t$ , $t$ $L_{T}(t)$
. , $t$ $L_{T}(t)$ .
$7r$ , $\mathcal{L}(7r)$ . , $C_{\mathcal{R}\Gamma}=(\mathcal{L}(7r),7V^{-})$
.
15. C\varpi .
: $w\in \mathcal{G}TT$ , $t\in 7V^{-}$




$C_{TT}$ . 2 ,
. , . ,
2 , . ,
$7\sigma^{2}$ . , $7r^{2}$ $(k, l)-$
, .
$f=(V_{f},$ $E_{f,\varphi_{f}},$ $\psi f,$ $Hf,$ $\lambda_{f},$ $P_{f^{)}}\in m^{\prime 2}$ , $f$ $v$ (degree) , $v$
, $deg(v)$ . , $deg(v)=|\{e\in E_{f}|v\in e\}|+|\{h\in$
$H_{f}|v\in h\}|$ . $f,$ $g\in 7\sigma$ , $f$ $g$
, $f\approx g$ . , $7r^{2}$
.
16. $g=(V, E, \varphi, \psi, H, \lambda, P)$ , $V=\{v1, v2, v\epsilon, \cdot’\cdot, v\}n$ , $E\cap H=\emptyset$
$E\cup H=\{\{v_{1}, v_{2}\}, \{v_{2}, v_{3}\}, \cdots, \{v_{n-1}, v_{n}\}\}$ ( 4 ). $\text{ },$ .
, .
$g$ $g$ $E\cup H$ . $|E\cup H|=n$ , $n$
.
17. [4] , ,
. .
18. , .
, . $k,$ $l\geq 0$ $(\mathrm{k},1)-$
, $k$ , $l$
. $(k,l)-$ , $(\mathrm{k},1)-$
( 5 ).
19. $f$ , $f$
, $L\tau(f)$ . $f$ , .
20. $(k, l)-$ $g$ .
$(\mathrm{k},1)-$ , $g$
$L_{T}(g)$ . $g$ $(k,l)..-$ , $(\mathrm{k},1)$.-
.
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$7\sigma_{\iota in}\mathrm{e}ar$ , $(k, l)-$ $\mathrm{W}_{\mathrm{t}^{k}},\iota$)-cat ,
$\mathcal{L}(l\sigma_{\iota}inear)$ , $(k, l)-$ $\mathcal{L}(7v_{\langle k,\iota)t}-)-ca$
. , $m_{\mathrm{t}}^{-}*,\iota$ ) $-\mathbb{C}at=\cup k\geq 07\sigma \mathrm{t}^{k,l}$) $-\text{ }at$ . . $-$.




4: 4 5: $(1,2)-$




21. $D\subseteq 7U^{2}$ . $D$ 1 , $f,$ $g\in D$ $f\approx g$
$L_{T}(f)\subseteq L_{T}(g)$ $f\preceq g$ .
1. $|\Lambda|=1$ . $\gamma\sigma_{lin}\mathrm{e}ar$ 1 .
2. $|\Lambda|=2$ . , $7r_{(1,2)}$.-cat 1 .
4. $|\Lambda|=2$ . , $m_{(1,1)}^{-}$ -cat 1 .
1, 4 .
$. $c_{1^{1},1)}$ -cat .




22. $D\subseteq 7r^{2}$ . $g=(V, E, \varphi, \psi, H, \lambda, P)\in D$ . , $D’\subseteq D$
1, 2 .
1. $u_{1}$ $\{u_{1}, u_{2}\}\in E\cup H$ $\{u_{2}, u_{3}\}$ ,
$deg(u2)=2$ $\{u_{2},u_{3}\}$ $\{u_{1},u_{2}\}$ .
2. 3 $E\cup H$ $\{v_{1},v_{2}\},$ $\{v_{2},v_{3}\},$ $\{v_{3}, v_{4}\}$ . , $deg(v2)=2$
$deg(v_{3})=2$ , $\{v_{1},v_{2}\},$ $\{v_{3}, v_{4}\}$ $\{v_{2},v_{3}\}$
.
, 22 $7V_{\acute{\mathrm{t}}}^{-}*,1$)-cat $L(7r_{\acute{\langle}*},1)$-cat) .
, $L(7\sigma’(*,1)-cat^{)=}\{L_{T}(g)|g\in M_{\acute{1}^{*,1})-\mathrm{c}}\}at$ . , $L(7\sigma’)(*,1)-cat$ ,
.
5. $\mathcal{L}(7r_{\mathrm{t}^{*}1)-},\mathrm{c}a\ell)=\mathcal{L}(7\sigma_{\acute{\mathrm{t}}}*,1)-ca^{)}\mathrm{r}$.
6. $m_{\acute{\mathrm{t}}^{*},1)t}^{-}-\mathrm{c}a[] \mathrm{f}$ 1 .





, $(k, l)-$ ,






2 , $(1, 1)-$ $C_{\mathcal{R}\tau_{(1,1}}$ ) $-\text{ }a\iota$
.
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